Purpose To analyse the prevalence of long-term use of proton pump inhibitors (PPI) with respect to underlying diseases and drugs, and to find predictors for such treatment when an evident rationale for the PPI treatment is lacking. Methods The study cohort consisted of individuals, ≥65 years in 2010, residing in the Region Västra Götaland during [2005][2006][2007][2008][2009][2010]. For individuals with and without long-term use of PPI in 2010, we investigated the prevalence of an underlying diagnosis, that is, an acid-related disease during the five preceding years, as well as concomitant long-term use of antiplatelet agents or cyclooxygenase inhibitors. Results In all, 278 205 individuals (median age: 74 years; 55% female; median 3 drugs per person; 5% nursing home residents, 11% with multi-dose drug dispensing) were included in the analyses, 32 421 (12%) of whom were on long-term treatment with PPI in 2010. For 12 253 individuals (38%) with such treatment, no underlying rationale was found. In individuals without a disease-or a drug-related reason for PPI use, nursing home residence, number of drugs, female sex, but not multi-dose drug dispensing, were associated with long-term use of PPI; adjusted odds ratios (95% confidence interval): 1.63 (1.49; 1.78), 1.27 (1.26; 1.28), 1.24 (1.19; 1.29), and 0.94 (0.88; 1.01), respectively. Conclusions Long-term use of PPI occurs in one out of nine individuals in the older population. For four out of ten of these, no reason for PPI use can be identified. Nursing home residence, female sex, and greater number of drugs predict non-rational long-term use of PPI.
INTRODUCTION
In the last decades, the use of proton pump inhibitors (PPI) has increased considerably. 1, 2 Indeed, between 2001 and 2010, the number of patients on PPI treatment more than doubled. 1 PPIs are effective drugs for acid-related diseases like gastroesophageal reflux disease, esophagitis, and peptic ulcer disease. They may also prevent gastrointestinal complications for patients treated with cyclooxygenase (COX) inhibitors or antiplatelet agents. 3, 4 However, although PPIs have long been perceived relatively harmless, convincing evidence now exists that PPIs may cause serious adverse reactions. Indeed, meta-analyses show that PPI treatment is associated with Clostridium difficile enteritis, 5 fractures, 6 pneumonia, 7 and gastric premalignant lesions. 8 Further, associations with dementia have been reported, 9, 10 as well as cases of acute interstitial nephritis and vitamin/mineral deficiencies. 11 The basic prerequisite for rational use of medicines, ascertaining that an acceptable benefit/risk balance is at least achievable, is that there is an underlying reason for the treatment for every treated individual. Thus, at initiation and maintenance of PPI treatment, an underlying acid-related disease should be present, or concomitant treatment with a drug with known risk of gastrointestinal ulcerations/bleedings. As older people may be more susceptible to adverse reactions, it may be even more important in this age group that a clear rationale precedes long-term use of PPI. 12 This is illustrated by the inclusion of PPIs in recent indicator sets of prescribing quality, such as the EU(7)-PIM list 13 and the Screening Tool of Older Persons' Prescriptions (STOPP). 14 In selected groups of patients in hospital care and nursing home facilities, overuse of PPIs has been shown, that is, treatment without a proper reason and a lack of follow-up. [15] [16] [17] [18] [19] [20] However, to the best of our knowledge, population-based studies are lacking. Thus, the magnitude of the overuse of PPI in the older population is not known. To shed further light on this issue, we undertook this register-based study with the aim to analyse the prevalence of long-term use of PPI and underlying reasons, and to find predictors for such treatment when an evident rationale for the PPI treatment is lacking.
METHODS

Data
We used four population-based registers with individual-level data:
• the Total Population Register at Statistic Sweden including life events on all residents staying at least one year in Sweden 21 • the Swedish Prescribed Drug Register including prescription drugs dispensed in all pharmacies in Sweden 22, 23 • the Social Service Register at the National Board of Health and Welfare including social support approved for residents in Sweden at certain dates
• the administrative healthcare register in the Region Västra Götaland (VEGA) containing diagnoses registered within medical records in this region The study comprised data from 1 July 2005 to 31 December 2010, linked by the unique personal identity number. 24 The Total Population Register contributed with dates of death, emigration/immigration, and moving into/out of Region Västra Götaland. From the Swedish Prescribed Drug Register, data on all dispensed prescription drugs were obtained. The Social Service Register, with acceptable data quality in 2007, 2008, and 2010, provided information on whether an individual lived in a nursing home or not. From the VEGA database, we extracted data on hospital as well as primary care diagnoses according to the International Statistical Classification of Diseases and Related Health Problems (ICD-10).
Study population
The study population consisted of individuals, ≥65 years of age in 2010, residing in the Region Västra Götaland, the second largest region in Sweden encompassing 1.7 million inhabitants. Individuals with re-used personal identity number were excluded to avoid mismatching between registers. Further, individuals who had moved into or out of the region during the study period were excluded, as were individuals deceased during this period.
Description of procedures
Long-term use of PPI was defined as ≥3 filled PPI prescriptions in 2010 (A02BC in the Anatomical Therapeutic Chemical (ATC) classification system), 25 or ≥20 dispensings within the multi-dose drug dispensing system during this year. This definition was based on the facts that Swedish regulations allow drug use for a maximum of three months to be reimbursed at one purchase occasion and that multi-dose drug dispensed drugs are filled every fortnight, respectively. Thus, the definition of long-term users reflected filled prescriptions covering at least 75% of a year.
In order to detect potential disease-related reasons for PPI use, we identified, for each individual, in primary as well as in hospital care during 2005-2009, the presence of ICD-10 codes representing diagnoses where PPIs are commonly considered appropriate (K20, oesophagitis; K21, gastro-oesophageal reflux disease; K22, other diseases of oesophagus; K25, gastric ulcer; K26, duodenal ulcer; K27, peptic ulcer, site unspecified; K28, gastrojejunal ulcer).
In order to evaluate the presence of potential drugrelated reasons for PPI use, that is, gastroprotection, we explored the long-term use in 2010 of antiplatelet agents (B01AC) and COX inhibitors (M01A, antiinflammatory and antirheumatic products, nonsteroids, excluding M01AX05, glucosamine), using the same definition for long-term use as for PPI.
In order to characterize individuals at the beginning of the year with potential long-term use of PPI, we estimated the number of drugs in the medication list, recorded as a continuous variable, on 31 December 2009 as a proxy for burden of disease. 26 For estimations of medication lists, we used the established method, that is also employed by the National Board of Health and Welfare. 27 In short, a medication list, for individuals receiving their drugs via ordinary prescriptions, was constructed according to the filled prescriptions during the three month period preceding this date. Drugs were included in the medication list if the purchase covered treatment at the date in question according to (i) 
Sensitivity analyses
To investigate if the inclusion of more non-specific diagnoses, where PPI may be considered, would have an impact on the results, additional diagnoses were included in the disease-related reasons (K29, gastritis and duodenitis; K92.0, haematemesis; K92.1, melaena; K92.2, gastrointestinal haemorrhage, unspecified; B98.0, helicobacter pylori as the cause of diseases classified to other chapters; E16.4, increased secretion of gastrin; Q40.1, congenital hiatus hernia; R12.9, heartburn; R13.9, dysphagia). Further, additional drug groups associated with an increased risk of gastrointestinal complications were included in the drug-related reasons: anticoagulants (B01AA, B01AE, and B01AF), selective serotonin reuptake inhibitors (SSRI, N06AB), and glucocorticoids (H02AB). [28] [29] [30] As disease-related reasons occurring in 2010 may justify long-term PPI treatment this year, we also performed a sensitivity analysis including diagnoses up to 2010, that is, 2005-2010. To further explore the robustness of the results, a sensitivity analysis was performed where long-term use of PPI, for individuals outside the multi-dose drug dispensing system, was defined as ≥3 dispensings of PPI, each covering ≥90 days of treatment.
Statistics
Statistical analyses were performed using SPSS (IBM SPSS Statistics for Windows, Version 22.0, Armonk, NY). The Mann Whitney and Chi-square tests were used for comparisons of characteristics between groups. Logistic regression was performed to obtain odds ratios and 95% confidence intervals (CI) for long-term use of PPI according to disease-and/or drug-related reasons for gastroprotection. Adjustments were made for age, sex, number of drugs (a proxy for burden of disease), 26 residence (defined as nursing home or not), and multi-dose drug dispensing (a system which has been associated with an extensive medication list and poor quality of drug treatment). [31] [32] [33] To identify predictors of long-term use of PPI in individuals without a reason for treatment, logistic regression with and without adjustments was performed in this subgroup. As non-indications (K30.9, functional dyspepsia; R10, abdominal and pelvic pain; K52, other and unspecified noninfective gastroenteritis and colitis) may contribute to PPI prescribing, logistic regression analyses were also performed in the subgroup of individuals without a disease-or drug-related reason, but with a non-indication.
RESULTS
In all, 278 205 individuals were included in the analyses (Figure 1 ). In 2010, the number of individuals In the sensitivity analyses, including more nonspecific diagnoses in the disease-related reasons as well as more non-specific drugs in the drug-related reasons, the adjusted odds ratio for long-term use of PPI was 3.04 (2.95; 3.13). Further, the pattern In the regression analyses in individuals without a disease-or a drug-related reason for PPI use, nursing home residence, greater number of drugs, and female sex predicted long-term use of PPI (Table 3) . For individuals with multi-dose dispensing, the crude but not the adjusted odds ratio predicted such treatment. For individuals with a non-indication for PPI only, the results showed a similar pattern. However, in individuals with multi-dose dispensing, the odds for PPI use were reduced. Number of drugs and nursing home residence predicted long-term use of PPI to a smaller extent in individuals with an underlying disease-or drug-related reason for PPI use, whereas the opposite was found for multi-dose drug dispensing.
In the sensitivity analysis where diagnoses up to 2010 were included, 21 493 (66.3%) individuals out of 32 421 with long-term use of PPI had an underlying acid-related disease or a drug-related reason for PPI use. The adjusted odds ratio for long-term use of PPI, compared to absence of such use, was 9.26 (8.97; 9.56) for individuals with disease-related reasons, and 3.02 (2.94; 3.10) for individuals with disease-or drug-related reasons.
In the sensitivity analysis excluding dispensed prescriptions of PPI covering less than 90 days of treatment, the number of patients on long-term PPI was reduced to 23 692 (8.5%) individuals, 15 113 (63.8%) of whom had a disease-or drug-related reason for PPI use. In the regression analysis, the adjusted odds for long-term PPI use was 2.51 (2.44; 2.59) for individuals with a disease-or a drug-related reason for such treatment.
DISCUSSION
In this study, we show that long-term use of PPI is common and occurs in one out of nine individuals in the older population. In six out of ten of these, an underlying rationale can be identified. Correspondingly, for four out of ten with long-term use of PPI, no evident rationale can be identified. For these individuals, nursing home residence and female sex are predictors for long-term use of PPI. Further, the odds of longterm use of PPI, without an underlying reason, increase by the number of drugs in the medication list.
Regarding our finding that about 40% of older individuals on long-term use of PPI lack an evident rationale for this treatment, other studies have reported similar 15 as well as lower 17, 18 and greater 16, 19, 20 figures. Divergences in the results between the studies may be explained by characteristics of the populations studied, definitions used (including reasons considered appropriate for PPI treatment), and types of data used (including the extent of time period being covered). Indeed, with a shorter follow-up and less extensive data, the chance of identifying relevant underlying diagnoses may be reduced. In our study, however, we had data, both from hospital and primary care, from the five year period preceding the year of long-term use of PPI.
The absolute prevalence of PPI use is considerably lower in our study compared to others. 15, 16, 18, 19 An explanation may be that our study reflects long-term use of PPI, whereas previous studies focus on prevalence of PPI irrespective of length of treatment. Further, our study, as opposed to previous ones which were performed in selected inpatient groups, includes all older people irrespective of health status. Thus, our results illustrate that overtreatment with PPI is Table 3 . Crude and adjusted odds ratios (OR) with 95% confidence intervals (CI) for long-term use of proton pump inhibitors (PPI) in individuals with and without a disease-or a drug-related reason for such treatment, and in the subgroup of such individuals who in addition also had a non-indication for PPI use use of proton pump inhibitors and underlying reasons 13 prevalent to a substantial extent in the society. Although medication reviews may not be the solution for this potential problem, because of health economics aspects 36 as well as lack of effect on patient relevant outcomes, [35] [36] [37] continuous education and feedback on prescribing patterns may help to improve the quality of drug treatment. 38 Indeed, a simulation study reported an increased mortality among medical inpatients on PPI treatment, with net harm occurring in more than two in three patients, 39 illustrating the need of further efforts within the field.
Disease-related reasons predict long-term PPI use to a greater extent than do drug-related reasons. This may not be too surprising as, although the latter reasons have been reported to be the most frequent reasons for PPI use, 15 they are more non-specific. Nevertheless, as illustrated in previous studies, 16 ,17 inclusion of drug-related reasons when determining the appropriateness of long-term use of PPI is important, in order not to overestimate the prevalence of potentially inappropriate use.
For individuals without a disease-or a drug-related reason for PPI treatment, the chance of long-term use of PPI increases by almost 30% for each additional drug in the medication list. This finding needs to be emphasized, not only because of the risk of potential adverse reactions without a benefit to be expected, but also because of the risk of interactions associated with PPI. 40 Thus, the effects of other drugs may be affected. A potential explanation for our finding of an increased risk of overuse of PPI in individuals treated with many drugs is that such treatment may reflect multiple comorbidities, and thus, a greater treatment complexity. Indeed, the number of drugs in the medication list is a poor indicator of prescribing quality, 41 but a rather good proxy for burden of disease. 26 Therefore, because of the general belief that PPIs are relatively safe, maintenance of initiated PPI treatment may occur without second thoughts because of other problems being more urgent to handle.
Encouragingly, long-term use of PPI is about four times as common in individuals where an underlying reason can be identified, compared to individuals without such a reason. However, when relevant cofactors are considered in the analyses, these odds are reduced to a considerable extent. Consequently, other factors, not related to the medical need, may explain long-term use of PPI. Indeed, nursing home residence was the most prominent predictor for non-rationale long-term use of PPI. These results are in concordance with a previous study reporting a large proportion of nursing home patients to have PPI treatment without an underlying diagnosis. 17 Thus, the predictors for inappropriate use of PPI identified in the present study, having a long medication list and living in a nursing home, may help clinicians to focus their efforts.
Interestingly, for patients without a disease-or a drug-related reason for PPI use but with a nonindication, the odds for long-term use of PPI, after relevant adjustments, are lower in individuals with multi-dose drug dispensing. Indeed, drug treatment changes, including addition of drugs, have been reported to occur more seldom within this system, 42 and this may contribute to this finding. Thus, when it comes to the use of PPIs, the system may be of benefit for the patient, as opposed to the results found regarding the quality of drug treatment in general. [31] [32] [33] In this study, use of PPI is analysed in individuals 65 years or older, that is, the age group which has previously been identified to be more appropriately treated when it comes to these drugs. 15 In future research, it may be of interest to investigate the use of PPIs in individuals below the age of 65.
The most important strength of this study is that it provides scientific knowledge on the prevalence of overuse of PPI in the elderly at the population level. The large number of individuals, representing all socioeconomic classes and both rural and urban areas, as well as the fact that few individuals were excluded, makes it reasonable to generalize from the results. In addition, linkage between registers allowed us to consider relevant cofactors in the regression analyses. Further, although the prevalence of long-term use of PPI was somewhat reduced, the sensitivity analysis with a more restricted definition of such treatment revealed similar results concerning the extent of overtreatment.
Limitations of this study include, as always in register-based studies, that the results depend on the quality and the content of the registers. However, all register data used in the present study are of good quality and have an almost complete coverage. Nevertheless, we cannot exclude that appropriate disease-or drug-related indications may exist which are not captured by the register data. For example, COX inhibitors may be bought over-the-counter, and physicians may refrain from recording uncertain diagnoses. Further, an underlying diagnosis may have been recorded before 2005. Although we believe that these issues are of minor importance in the present study, we cannot exclude that the prevalence of overuse can be somewhat overestimated. On the other hand, as a diagnosis occurring during the five years preceding the long-term use of PPI may not justify such treatment, our study may also underestimate the overuse of PPI. Interestingly, extending the capturing period of disease-related reasons to the year in which the long-term use of PPI occurred did not have a substantial impact on the results. Summarized, our findings support the results of prior published studies showing that overuse of PPI in older people is not negligible. Indeed, we found that long-term use of PPI occurs in 12% of the older population, and for 38% of these, no disease-or drug-related reason can be identified. Further knowledge on the benefit/risk balance of such use is warranted.
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KEY POINTS
• Use of proton pump inhibitors (PPI) is increasing and overuse has been shown in selected patient groups. For rational use of medicines and an acceptable benefit-risk balance for each patient, an underlying and appropriate reason for the treatment is a basic prerequisite.
• In this register-based study, comprising 278 205 individuals ≥65 years of age, we report that long-term use of PPI occurs in 12% of the older population. For four in ten individuals on such treatment, no disease-or drug-related reason can be identified.
• For individuals without a disease-or a drugrelated reason for PPI use, nursing home residence, female sex, and greater number of drugs in the medication list are predictors for longterm use of PPI.
